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Background. Anastomotic leakage is a notable postoperative complica-
tion in patients who undergo elective colorectal cancer surgery. This study
aimed to improve the early identification and intervention of serious post-
operative complications by comparing preoperative and third-day postop-
erative blood markers, as well as examining other potential complications.
Material and Methods. A total of 1,298 patients who underwent elective
colorectal surgery between 2018 and 2020 were included in this study.
Each patient underwent comprehensive blood biochemical examinations
both preoperatively and on the third postoperative day. Patients were cate-
gorized into groups based on the presence or absence of complications
during their hospital stay. Multivariate and regression analyses were con-
ducted using the biochemical markers obtained on the third postoperative
day to identify significant predictors of postoperative complications.
Result. Of the 1,298 assessed patients, 730 were included in the final sta-
tistical analysis. The patient population at a higher risk of complications
consisted predominantly of elderly individuals and those who underwent
low anterior resection surgeries. Multivariate analysis identified statisti-
cally significant predictive markers for complications, notably lympho-
cytes (p = 0.008) and C-reactive protein (CRP) (p < 0.001). Regression
analysis further revealed that CRP was a substantial predictor for compli-
cations classified as Clavien-Dindo Score > 3, achieving an area under the
curve of 0.72. The optimal cutoff value for CRP was determined to be
118.98.

Conclusion. Measurement of CRP levels in blood samples drawn on the
third postoperative day serves as a reliable predictive indicator of the po-
tential development of severe complications in patients. This finding en-
ables early clinical intervention aimed at mitigating the adverse outcomes
associated with postoperative complications.

[J Soc Colon Rectal Surgeon (Taiwan) 2024,35:302-310)]

Despite the progress in surgical procedures and
the development of stapling tools, anastomotic
leakage remains a particularly critical and detrimental

issue in colorectal surgery.'”

Predicting severe complications and overall re-
covery after elective colorectal surgery to guarantee
safe and prompt discharge of patients poses a signifi-
cant challenge when using biological markers.’ Nu-
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merous research and comprehensive meta-analyses
have indicated that the biomarker C-reactive protein
(CRP) can effectively predict complications follow-
ing elective colorectal surgery, such as anastomosis
leakage.* Notably, CRP demonstrated a robust ability
to rule out infective complications and anastomotic
leakage with high negative predictive values of 89%
and 97%, respectively.’ Historically, multiple investi-
gations have endeavored to delineate the threshold
levels of inflammatory biomarkers, below which the
likelihood of postoperative infections is considerably
reduced. The most pertinent biomarkers identified in
this context were CRP and procalcitonin (PCT).%’
Given the cost considerations associated with procal-
citonin in the healthcare system of Taiwan, the focus
of this study was directed towards the practicality and
effectiveness of employing CRP as a single measure-
ment to predict postoperative complications. By eva-
luating various blood parameters on postoperative
day 3, the study aimed to determine their predictive
capability for short-term outcomes within a 30-day
period.

This research not only contributes to the existing
body of knowledge but also holds implications for en-
hancing clinical decision-making and patient care in
the field of colorectal surgery.

Patients and Methods

A single medical center conducted a retrospective
chart review of adult patients who underwent colo-
rectal cancer surgeries between 2018 and 2020. Pa-
tients were included if they were pathologically diag-
nosed with stages I-1II disease. The studies included
patients who underwent laparotomy, da Vinci robot-
assisted surgery, and minimally invasive laparoscopic
surgery.

The exclusion criteria were missing blood test data,
emergency surgery, stage [V disease, palliative sur-
gery, and concurrent major surgery on other body
parts or organs. Complete preoperative blood bio-
chemistry and carcinoembryonic antigen (CEA) le-
vels were recorded in patients undergoing elective
colorectal surgery. On postoperative day three, a com-

prehensive follow-up blood and biochemical panel
was reassessed.

The primary outcome of this study was defined as
the occurrence of significant complications within a
short-term period (30 days), indicated by a Clavien-
Dindo score of > 3. By analyzing patients with a Cla-
vien-Dindo score of > 3, this study aimed to identify
blood test markers that could predict the occurrence of
short-term postoperative complications and determine
which of these markers provided the most accurate
prediction rates.

We used a Clavien-Dindo score of > 3 as a thresh-
old to categorize patients into major and minor com-
plication groups. The blood test values of these two
groups were subjected to both univariate and multi-
variate analyses to identify significant blood markers.
Subsequently, these significant blood markers were
further analyzed using receiver operating characteris-
tic (ROC) regression analysis to identify markers with
predictive capabilities, aiming for those with an area
under the curve (AUC) greater than 0.7.

Statistical analysis

The IBM SPSS 20 statistical package was used for
data analysis. For continuous variables, the central
tendency indicator was represented by the median.
Continuous variables were assessed using Student’s
t-test for normally distributed data and the Mann-
Whitney U test for data that did not follow a normal
distribution. Categorical variables were compared us-
ing Pearson’s chi-square test. Statistical significance
was set at p < 0.05 (two-tailed).

To evaluate the predictive ability of blood and
biochemical data in identifying postoperative compli-
cations, we categorized the complications into major
complications (Clavien-Dindo score > 3) and minor
complications (Clavien-Dindo score < 3). ROC curve
analysis was performed on the population with overall
complications, followed by ROC curve analysis on
the subgroup with Clavien-Dindo score > 3.

This technique involves plotting the true positive
rate (sensitivity) against the false positive rate (1-
specificity). The effectiveness of the diagnostic tests
was quantified by the area under the ROC curve (AUC).
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Additionally, the ROC curve facilitated the determi-
nation of the optimal threshold values for various pa-
rameters, aiming to achieve the best combination of
sensitivity and specificity for the most accurate diag-
nosis of the anticipated clinical outcomes.

The optimal cut-off points for blood values were
determined using the slope of the ROC curve, defined
as Slope = Sensitivity / (1 — Specificity). The optimal
cut-off point is where the slope equals the ratio of the
costs of false positives and false negatives, ensuring
the best balance between sensitivity and specificity.

Results

A total of 1,298 patients underwent therapeutic
surgical interventions between 2018 and 2020. After
excluding 24 patients who underwent emergency sur-
geries, 425 with incomplete data, 106 with stage IV
disease or who underwent palliative surgery, and 13

with benign tumors or concurrent surgeries, the study
population comprised 730 individuals. Among these,
628 patients experienced no complications during
hospitalization or within 30 days after surgery. The re-
maining patients encountered complications catego-
rized using the Clavien-Dindo scoring system (Fig. 1).

The mean age of the participants was 63 years.
There were no significant differences between the
groups in terms of sex distribution, ASA scores, intra-
operative blood loss, surgical duration, or comorbi-
dities. Among all surgical procedures performed, low
anterior resection (LAR) was the most commonly per-
formed procedure, followed by right hemicolectomy
and high anterior resection (HAR), accounting for
30.5% (n=223),27.1% (n=198), and 26% (n = 190)
of cases, respectively. Notably, the highest incidence
of complications was observed in patients who under-
went LAR (19.5%, p =0.001), followed by those who
underwent right hemicolectomy (12.1%), and then
HAR (9.5%).

N=1298

Patient receive curative intent colorectal surgery during 2018-2020.

Post-operative Day 3 lab retrieval and morbidities/mortalities within 30 days

A 4

A 4

Emergent surgery (n=24)
Loss of data (n=425)
Stage IV or palliative intent surgery (n=106)

Ll N

Other benign lesion or combine surgery

(n=13)

Patients eligible for analysis

(n=730)

Without morbidity (n=628)

With morbidity (n = 102)

Fig. 1. Flow chart shows the study identification and inclusion processes.
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Additionally, the study evaluated the incidence of
complications among patients who underwent con-
current stoma creation during the same surgical proce-
dure and revealed a relatively high complication rate
0f 33.3% (n = 4) in this group (p = 0.016) (Tables 1,
2).

Among the patients experiencing complications,
the overall mortality rate was 2.9% (n = 3). All three
patients who experienced mortality had undergone
LAR. Two of these patients had multiple comorbi-
dities. One had dialysis, diabetes, and hypertension,
while the other had dialysis and a history of liver
transplantation with long-term use of immunosup-
pressants. They developed leakage on postoperative
days 7 and 12, respectively. Despite aggressive inter-
ventions, including temporary stool diversion and

Table 1. Patient characteristics

broad-spectrum antibiotic treatment, they experienced
uncontrollable infections that led to mortality. The
third patient experienced massive intraoperative ble-
eding due to tumor invasion into the presacral area.
Postoperatively, this patient developed transfusion-re-
lated acute lung injury (TRALI) and acute respiratory
distress syndrome (ARDS) in the ICU and died on
postoperative day 30.

For the patients with Clavien-Dindo score > 3 as a
threshold, 16.7% (n = 17) experienced severe compli-
cations, such as anastomotic leakage, necessitating
surgical reconstruction or stoma creation. The specific
complications among the surgical methods were dis-
tributed as follows: right hemicolectomy (n = 198)
had a morbidity rate of 12.1% (n = 24), including
1.5% (n=3) for anastomotic leakage, 4.5% (n =9) for

. Without morbidity With morbidity Total
Variables (n = 628) (n=102) (n=1730) p value
Age (mean + SD) 63.24 £ 13.62 67.04 +£14.71 63.77 £13.83 0.01
Male (%) 333 (53) 65 (63.7) 398 (54.5) 0.053
Comorbidities
Diabetes mellitus (%) 168 (26.7) 28 (27.4) 196 (26.8) 0.086
Hypertension (%) 221 (35.1) 18 (17.6) 239 (32.7) 0.635
ESRD (%) 66 (10.5) 14 (13.7) 80 (11) 0.438
ASA (mean * SD) 2.61 +0.49 2.71 £0.46 2.63 +0.49 0.081
Concurrent stoma creation 85 (78) 24 (22) 109 (14.9) 0.016
Operating time (min) 251.16 £ 136.47 258.38+74.12 252.09 £ 129.51 0.646
Blood loss (ml) 67.30 £ 99.85 87.57 + 84.83 70.82 £ 97.23 0.238
ESRD, end stage renal disease; ASA, American Society of Anesthesiology.
Table 2. Surgical methods and morbidities (mortality excluded)
Total moXm’lgl'lties Anliztlfarg(e)tlc fleus - Pneumonia UTI — SSI itlrceesrS comr())ltillzions P
N 0 0, 0, 0, 0, 1
(%) N (%) N (%) N(%) N(%) N (%) N (%) N (%) N (%) value
Surgical methods
Right hemicolectomy 198 (27.1) 24 (12.1) 3(1.5) 9(@.5) 2(1.0) 3(1.5) 4(2.0) 2(1.0) 1(0.5) 0.239
Left hemicolectomy 64 (8.8) 34.7) 1(1.6) 0(0) 0(0) 1(1.6) 1(1.6) 0(0) 0(0) 0.086
High anterior resection 190 (26) 18 (9.5) 632 5@26) 2(1.1) 2(.1) 3(1.6) 0(0) 0(0) 0.06
Low anterior resection 223 (30.5) 43(19.5) 1045) 7@3.2) 4(1.8) 627 7(3.1) 1(04) 8 (3.6) 0.001
Transverse-colectomy 5(0.7) 0(0) 0(0) 0(0) 0(0) 0) 0@ 0( 0(0) NS
Subtotal colectomy 12(1.6) 4(33.3) 1(8.3) 1(8.3) 0(0) 0(0) 1(83) 0(0) 1(8.3) NS
Abdominoperineal resection 13 (1.8) 1(7.7) 0(0) 1(7.7) 0(0) 00) 0@ 0() 0(0) NS
Hartmann’s operation 11(1.5) 4(36.3) 0(0) 1(9.1) 0(0) 0(0) 2(18.2) 0(0) 1(9.1) NS
TaTME 14(1.9) 2(14.3) 1(7.1) 0(0) 0(0) 1(7.1) 0(0) 0(0) 0(0) 0.052

UTTL urinary tract infection; TaTME, transanal total mesorectal excision; SSI, superficial surgical site infection.
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ileus, 1.0% (n = 2) for pneumonia, 1.5% (n = 3) for
urinary tract infection (UTI), 2.0% (n = 4) for superfi-
cial surgical site infection (SSI), 1.0% (n = 2) for
stress ulcers, and 0.5% (n = 1) for other complica-
tions. Left hemicolectomy (n = 64) had a morbidity
rate of 4.7% (n = 3), including 1.6% (n = 1) for ana-
stomotic leakage, 1.6% (n=1) for UTI, and 1.6% (n =
1) for SSI. High anterior resection (n = 190) had a
morbidity rate of 9.5% (n = 18), including 3.2% (n =
6) for anastomotic leakage, 2.6% (n = 5) for ileus,
1.1% (n = 2) for pneumonia, 1.1% (n=2) for UTIL, and
1.6% (n = 3) for SSI. Low anterior resection (n = 220)
had a morbidity rate of 19.5% (n = 43), including
4.5% (n = 10) for anastomotic leakage, 3.2% (n = 7)
for ileus, 1.8% (n=4) for pneumonia, 2.7% (n = 6) for
UTIL 3.1% (n = 7) for SSI, 0.4% (n = 1) for stress ul-
cers, and 3.6% (n = 8) for other complications.

For other surgical methods, transverse-colectomy
(n = 5) had no recorded morbidities. Subtotal colec-
tomy (n = 12) had a morbidity rate of 33.3% (n = 4),
including 8.3% (n = 1) for anastomotic leakage, 8.3%
(n=1) forileus, 8.3% (n=1) for SSI, and 8.3% (n=1)
for other complications. Abdominoperineal resection
(n = 13) had a morbidity rate of 7.7% (n = 1), includ-
ing 7.7% (n = 1) for ileus. Hartmann’s operation (n =
11) had a morbidity rate of 36.4% (n = 4), including
9.1% (n=1) forileus, 9.1% (n=1) for UTI, and 9.1%
(n = 1) for other complications. Lastly, TaTME (n =
14) had a morbidity rate of 14.3% (n = 2), including
7.1% (n = 1) for anastomotic leakage and 7.1% (Ta-
bles 2, 3).

Univariate analysis of the blood test results re-

vealed that patients with complications had higher
levels of WBC (p < 0.001), segments (p < 0.001),
lymphocytes (p < 0.001), alanine aminotransferase (p
=0.039) and CRP (p < 0.001). Further multivariate
analysis identified lymphocytes (p = 0.008) and CRP
levels (p < 0.001) on the third postoperative day as
significant predictive markers (Table 4).

Regression analysis of these blood markers was
performed. In the overall population, the AUC for
CRP, segments, and WBC counts were 0.694, 0.663,
and 0.612, respectively. The CRP cutoff value in this
cohort was 68.66, with a sensitivity of 0.676 and a
specificity of 0.643 (Fig. 2a).

Separate regression analysis of the blood test data
from patients with severe complications (Clavien-
Dindo > 3) revealed an AUC of 0.721 for CRP and
0.684 for segments. The CRP cutoff value in this sub-
group was 118.98, with a sensitivity of 0.567 and a
specificity of 0.863 (Fig. 2b).

Discussion

Postoperative complications such as leakage and
infections detrimentally affect a patient’s quality of
life, prolong hospital stay, and, in more severe cases,
lead to increased mortality and morbidity.®® In this
study, the predictive capacity of CRP for severe com-
plications proved to be superior compared to its pre-
dictive ability for the overall patient population. Nota-
bly, a CRP level of < 118 mg/dL on the third postoper-
ative day was indicative of a lower risk of severe com-

Table 3. Postoperative complications stratified by Clavien-Dindo Score

N =102 (%)

Major (Clavien-Dindo score > 3)

Anastomosis leakage, with surgical/percutaneous intervention 17 (16.7)

Revisit OR due to other complications (ureter injury, fascia dehiscence, ileus) 11 (10.8)

Mortality 3(2.9)
Minor (Clavien-Dindo score < 3)

Anastomosis leakage, with conservative treatment 8(7.8)

Ileus 21 (20.6)

Pneumonia 8(7.8)

Urinary tract infection 13 (12.7)

Superficial surgical site infection 18 (17.6)

Stress ulcer

3(2.9)
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Table 4. Blood test markers and univariate/multivariate analysis

Preoperative Postoperative Day 3 Umvarl?te Multivariate analysis
analysis

Mean + SD Mean + SD p value OR (95% CI) p value
WBC (uL) 7201.16 + 63.15 7420 £ 0.13 <0.001 1.031 (0.964 +1.102) 0.375
Hemoglobin (g/dL) 12.26 + 0.06 11.51+£0.06 0.936
Seg (%) 63.01 £0.31 76.26 £0.24 <0.001 0.979 (0.942 £ 1.019) 0.298
Lymphocytes (%) 26.8 +£0.24 15.44 +0.29 <0.001 0.924 (0.871 £ 0.980) 0.008
Band (%) 0.1 +0.01 0.065 1.059 (0.868 £ 1.292) 0.571
BUN (mg/dL) 16.02 £ 0.26 15.55+0.59 0.27
Creatinine (mg/dL) 0.91 £0.02 0.92 +£0.03 0.592
ALT (U/L) 25.4+0.39 26.22+0.56 0.039 0.971 (0.941 £ 1.002) 0.069
CRP (mg/L) 9.75+0.6 68.67 +1.53 <0.001 1.009 (1.004 £ 1.013)  <0.001

WBC, white blood cell; Seg, neutrophil segmented; BUN, blood urea nitrogen; Band, neutrophil band; ALT, alanine
aminotransferase; CRP, C-reactive protein.
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nitoring of CRP levels postoperatively, especially on
days 3 to 5, allows for early detection of complica-
tions. This enables timely interventions, such as addi-
tional diagnostic imaging or preemptive antibiotic
therapy, potentially preventing severe outcomes. Uti-
lizing CRP measurements can also inform decisions
about patient discharge, ensuring those at higher risk
of complications are identified and managed appro-
priately before leaving the hospital.

To improve the predictive ability of CRP across
different patient populations, several strategies can be
employed. First, dynamic monitoring of CRP levels,
rather than relying on a single measurement, allows
for early detection of complications. Second, combin-
ing CRP with other inflammatory markers, such as
WBC, ESR, and PCT, can provide a more comprehen-
sive prediction.

In the current medical landscape, where minimally
invasive surgeries are increasingly prevalent, and most
patients are discharged within a week after surgery,
the ability to predict post-discharge complications
during the in-hospital period is paramount. Utilizing
CRP as a predictive biomarker can prevent the prema-
ture discharge of patients at risk of developing com-
plications.* This approach aligns with findings from
studies in other countries suggesting that a CRP level
exceeding 172 mg/L may warrant extended hospital
observation to mitigate the risk of adverse postopera-
tive events.

Compared with other studies, where the incidence
of anastomotic leakage typically ranges between 3-
10%,'* the anastomotic leakage rate in this study was
3.4%. This relatively low rate may be predominantly
attributed to the majority of surgeries being minimally
invasive or to the proactive creation of stomas during
surgery in high-risk patients. However, the presence
of comorbid conditions in this patient subgroup indi-
rectly contributed to the higher incidence of postoper-
ative complications among those who underwent stoma
creation.

The statistical analysis in Table 1a shows that
older age is significantly associated with a higher inci-
dence of postoperative complications. Elderly pati-
ents undergoing colorectal surgery are more prone to
postoperative complications due to several factors.

These include weakened immune function, multiple
comorbidities (like hypertension and diabetes), re-
duced physical fitness and organ function, poor nutri-
tional status, and lower surgical tolerance. Recogniz-
ing these risks is essential for improving their post-
operative outcomes.

Consequently, CRP measurements on the third
postoperative day could provide insights into whether
a patient is eligible for early discharge. However, the
feasibility of daily postoperative CRP tracking de-
pends on the healthcare policies of each country and
may not be uniformly implemented in all hospital set-
tings.

A limitation of this study is rooted in the routine
practice of conducting blood draws only on postoper-
ative day three. This approach requires the use of ad-
ditional diagnostic methods (such as imaging, physi-
cal examinations, or other non-invasive tests) beyond
CRP measurements to effectively predict the occur-
rence of complications. However, another study in-
volving 933 patients adopted a more comprehensive
approach, performing preoperative and consecutive
postoperative blood draws for five days, utilizing the
trajectory of CRP levels as a predictive tool for com-
plications. Their findings revealed that a daily postop-
erative increase in CRP levels exceeding 50 mg/L cor-
related with a high sensitivity of 0.85 for predicting
anastomotic leakage and a negative predictive value
of 0.99. Moreover, an increase in CRP levels by more
than 50 mg/L from day 3 to day 4 or from day 4 to day
5 after surgery showed a high level of precision (spec-
ificity of 96-97%) in identifying patients who were
likely to require intervention for leaks, as indicated by
favorable positive likelihood ratios ranging from 4.99-
6.44."5 Nonetheless, under current healthcare systems,
such an extensive regimen of blood draw tracking is
not feasible, limiting the potential for achieving a
higher AUC for CRP as a predictive marker.

This study deduced that a CRP level greater than
118 mg/L on the third postoperative day might indi-
cate the potential for severe complications (Clavien-
Dindo > 3), with a sensitivity of 0.56 and a specificity
of 0.86. Consequently, additional diagnostic proce-
dures or interventions may be required in clinical prac-
tice to prevent potential complications. Although CRP
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levels are commonly used to assess the degree of in-
flammation in patients undergoing abdominal surgery
or those with infections, the predictive capability of
this study was limited by a solitary blood draw con-
ducted on the third postoperative day. It has been po-
sited that a series of consecutive CRP measurements
could enhance the predictive accuracy, thereby miti-
gating the risk of post-discharge complications or de-
lays in treatment, enhancing patient outcomes, and the
overall effectiveness of postoperative care.

Conclusion

This study deduced that a CRP level greater than
118 mg/L on the third postoperative day might indi-
cate the potential for severe complications (Clavien-
Dindo > 3), with a sensitivity of 0.56 and a specificity
of 0.86. Consequently, additional diagnostic proce-
dures or interventions may be required in clinical prac-
tice to prevent potential complications.

Although CRP levels are commonly used to as-
sess the degree of inflammation in patients undergo-
ing abdominal surgery or those with infections, the
predictive capability of this study was limited by a
solitary blood draw conducted on the third postopera-
tive day. It has been posited that a series of consecu-
tive CRP measurements could enhance the predictive
accuracy, thereby mitigating the risk of post-discharge
complications or delays in treatment, enhancing pa-
tient outcomes, and the overall effectiveness of post-
operative care.
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